Complex differential expression of genes in higher organisms is achieved through combinatorial regulation of transcription by specific combination of transcription factors binding to their target sites in the regulatory regions of these genes. The composite elements (CE) model was defined as pairs of closely situated binding sites, corresponding transcription factors, protein-protein interaction between them, and expression patterns provided by this combinatorial regulation [1] . In this study, we describe a novel computational approach to detect possible composite elements in genomic sequence. The method is based on the detection of overrepresented adjacent transcription binding sites.
METHOD.
A computational transcript mapping approach was used to locate promoter sequences for GenBank RefSeq records within their genomic organization. The promoter reference database was validated by comparing with GenBank annotated promoters and has been described in a previous published paper [2] . These promoter regions were scanned for potential binding sites using the Matinspector program and the TRANSFAC [3] transcription binding site scoring matrix library. We used 20-and 50-bp as distance cutoffs to predict composite elements. The random frequency of two TF binding sites existing within 20-or 50-bp over a 2000-bp promoter sequence was calculated. The discrepancy between the actual frequency of the composite elements and the random frequency was evaluated by determining the statistical variable chi-square (χ2). The p value was further derived from chi-square.
RESULTS.
For each gene, the genomic sequence 2000-bp upstream of the 5' end of the mRNA was retrieved as promoter region. 163 human TF binding site matrices from TRANSFAC 4.4.2 were used for this analysis. Out of the 13203 possible combinations of any two TF matrices, 339 pairs coexist within 20-bp (DIS = 20) distance and are over-represented in the reference promoter database and has a χ2 value of 8 or above (matrix similarity score, MSS = 0.9). They account for 2.6% of the total possible combination.
We validated 46 CEs from COMPEL [1] which have binding sites matrix in TRANSFAC 4.4.2. Out of the 46 CEs, 18 of them were predicted with our method with χ2 values >= 8. Most of them show significantly high χ2 values (Table 1) . It is interesting to know if our prediction can pinpoint to some real CEs which have not yet been collected by COMPEL. One direct approach would be to take some predicted CEs with extremely high χ2 value that are not in COMPEL and look for supporting information from the scientific literatures. By this approach, we have been able to confirm quite some, for example Pbx and Oct-1, C/EBP and SRF, YY1 and NF-AT, EGR and SP1 etc. DISCUSSION. By combining profiles of some relatively well-characterized regulatory elements with statistical significance analysis of their close-by coexistence, we have generated an efficient computational means of identifying CEs. It should be noted that some composite elements in COMPEL database were not identified using the parameters of the analysis presented here. Multiple reasons could account for this outcome. For example: (1) some TRANSFAC TF bindingsite matrices are outdated in terms of quality and specificity, (2) a lower cutoff score for the matrix similarity score would increase the sensitivity but lower the specificity for some TFs, (3) the distance cutoff between the composite elements we used, 20-or 50-bp, might not reflect the actual distance for some composite elements etc. The performance of this prediction method described is sufficiently specific to warrant further analysis of predicted composite elements. This prediction algorithm might also help to supplement COMPEL or other similar database since it can efficiently point to high quality putative composite elements.
